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1. INTRODUCTION 
 
Saccharomyces cerevisiae is recognized as one of the best model 
organisms for studies of anything that goes on within a single eukaryotic cell. 
A eukaryote is defined as a single-celled or multicellular organism whose 
cells contain a distinct membrane-bound nucleus
1
. True yeasts are classified 
into the main order of Saccharomycetales.  
Saccharomyces cerevisiae under optimal nutritional conditions can 
double their mass every ninety minutes. Cell division of yeast 
characteristically occurs by budding, in which a daughter cell is initiated as an 
out growth from the mother cell, followed by nuclear division, cell-wall 
formation, and finally cell separation.
2
 Strains of Saccharomyces cerevisiae, 
unlike many other microorganisms, can exist stably in either a haploid or 
diploid state. Haploids are one of two mating types, α or a. A α cell can mate 
with an a cell to form an α/a diploid. As a result, it is possible for recessive 
mutations to be easily isolated and manifested in haploid strains, and 
complementation tests can be carried out in diploid strains.
3
 Under certain 
conditions of nutrient starvation, the diploid cell will sporulate, resulting in 
two haploid α cells and two haploid a cells (Appendix C, Figure 1).  
Rapid proliferation is just one of the many properties that makes 
Saccharomyces cerevisiae ideal for a vast range of biological studies. 
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Additionally, the fact that S. cerevisiae possesses dispersed cells, the ease of 
replica plating and mutant isolation, a well-defined genetic system, and most 
importantly a highly versatile DNA transformation system, all contribute to 
the amazing power of yeast.
4
 
In contrast to the genomes of other multi-cellular organisms, the yeast 
genome is highly compact, with genes representing 72% of the total sequence. 
The average size of a yeast gene is 1.45 kbp, or 483 codons, with a range from 
40 to 4,910 codons. A total of 3.8% of the ORFs contain introns.
5
 
In 1996, the entire Saccharomyces cerevisiae genome was sequenced.  
Saccharomyces cerevisiae has approximately 6,200 ORFs in its genome. Of 
the 6,200 ORFs, 4,878 are non-essential. The EuroScarf deletion project 
removed all the non-essential ORFs, of the 4,878 viable haploid strains of 
Saccharomyces cerevisiae, and replaced them with the G418 resistance 
cassette.
6
 G418 is a kanamycin antibiotic that is a translational inhibitor.  
The knockout library created by EuroScarf enabled the manipulation 
of gene deletions in S. cerevisiae and how they affect mitochondrial stability, 
maintenance and function. In the study of the mitochondrial stability, 
maintenance and function of S. cerevisiae, it is important to note that the 
central function of mitochondria is to generate usable energy from food to 
power the cell. Mitochondria are where the process of cellular respiration 
occurs. Cellular respiration can be broken down into two forms of respiration. 
Aerobic respiration is the release of energy in the form of ATP from glucose 
                                                 
4
 www.yeastgenome.com 
5
 C. Luban et al, 2005 
6
 http://www.uni-frankfurt.de/fb15/mikro/euroscarf/complete.html 
 3 
in the presence of oxygen. Alternatively, anaerobic respiration is cellular 
respiration in the absence of oxygen. Saccharomyces cerevisiae are able to 
respire aerobically and anaerobically depending on the current conditions 
within the cell. Most organisms, for example, humans, do not possess such 
dexterity, and would thus die without the presence and the function of 
mitochondria. Alternatively, yeast can survive without the electron transfer 
function of mitochondria. They, however, do require the mitochondrial 
compartment to be present in order to sustain life. In the absence of functional 
mitochondria, S. cerevisiae switch over to anaerobic respiration and rely on 
fermentation for energy production. Due to the complexity of the human 
organism, the energy required to sustain life is far greater in humans than it is 
in yeast. As a result, fermentation simply could not produce enough energy.  
In the study of mitochondrial stability, maintenance and function, it is 
important to keep in mind that mitochondria possess their own DNA, separate 
from the nuclear DNA located in the nucleus. The mitochondrial genome 
consists of a double-stranded, and a very short portion of triple-stranded, 
circular DNA. In humans, it contains 37 genes, 24 of which code for a type of 
RNA and 13 that code for polypeptides that are used in the respiratory 
complexes to produce ATP.
7
 Mitochondrial DNA (mtDNA) is maternally 
inherited. The egg destroys the mitochondria from the sperm after 
fertilization, leaving only the maternal mtDNA, originally found in the 
unfertilized egg.  
The broad scheme that our research centers around is the study of 
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mitochondrial genetic disorders. The findings that we obtain in yeast will 
eventually be able to be applied to humans. It is thus important to note that 
different proteins than those that replicate nuclear DNA carries out replication 
of circular yeast mtDNA. DNA repair mechanisms in mitochondria are thus 
not as effective as they are in the nucleus. As a result, mtDNA mutations 
accumulate more rapidly. The high mutation rate of mtDNA is also due to the 
fact that the genome of mitochondria is in close proximity to oxygen free 
radicals. Oxygen free radicals are potent mutagens that are natural byproducts 
of respiration and are produced by the electron transport chain. The lack of 
homologous recombination and the presence of free radicals help to explain 
the significant mutation rate of mtDNA.
8
  
The term Rho in general is concerned with mitochondrial DNA.• Rho° 
mutants completely lack mitochondrial DNA and are deficient in the 
respiratory polypeptides that are synthesized on mitochondrial ribosomes. 
Even though rho negative mutants are respiratory deficient, they are viable 
and still retain mitochondrial DNA, although they are morphologically 
abnormal.
9
 Rho positive genes indicate the presence of normal mitochondrial 
DNA. It is important to note that only rho° and rho negative genes will create 
petite colonies.  
A petite is defined as a yeast mutation producing small colonies due to 
altered mitochondrial functions. In cytoplasmic petites the mutation is in 
mitochondrial DNA. Petite mutations create mitochondria that can be missing 
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several vital enzymes, rendering them unable to respire, which is the central 
task of mitochondria. The rate of growth on various fermentable and non-
fermentable carbon sources can lend us important information concerning the 
function of various genes in respiratory function.  
The research on gene deletion in yeast and how it affects mitochondria 
stability, maintenance and function is central to the advancement of the study 
of mitochondrial genetic disorders in humans. One of the main reasons why 
we use yeast is due to its genetic tractability. It allows us to manipulate yeast 
cells and then apply the techniques and findings to human cells due to their 
significant similarity.  
  
 
 
 
 
 
 
 
 
 
 
2. METHODS AND MATERIALS 
2.1. Creation of Deletion Set 
 
A deletion set was compiled from the complete yeast knock out library 
 6 
consisting of 4,878 viable haploid strains obtained from EUROSCARF, 
Frankfurt, Germany  
(http://www.uni-frankfurt.de/fb15/mikro/euroscarf/complete.html). These 
gene deletions were generated in strain BY4741 (MATa, his3∆1, leu2∆0, 
met15∆0, ura3∆0).
10
 BY4741 is the isogenic derivative of the strain S288C 
that was used in the sequencing of Saccharomyces cerevisiae nuclear genome. 
A complete set of mitochondrial introns are carried on the mitochondrial 
genome.
11
 In this library, the G418 resistance cassette replaced all the non-
essential ORFs. The EuroScarf knockout library was provided on 384 well 
solid YPD medium plates. Of the 4,878 genes, 700 genes that were important 
for mitochondrial function were selected to create the deletion set. The 
deletion set was compiled via hand picking from the knockout library and 
compiled in 96 well plates in liquid YPD. The deletion set was then 
transferred onto 384 solid YPD medium plates via hand pinning protocol. 
 
2.2. Screening deletion set for respiratory deficient strains (pet mutants) 
 Standard media and methods were used for genetic manipulation of 
yeast. The yeast deletion set was then transferred onto YPD (yeast extract, 
peptone, dextrose) and SD Minimal Media as the controls and alternatively 
onto YP 3% glycerol, YP 4% ethanol, and YP 3% lactate as the non-
fermentable carbon sources. The plates were transferred via the 1mm pins 
head on the automated colony arranger. The plates were grown at 30°C for 4 
days. Two passes were administered to ensure validity.  The individual 
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colonies from the second pass were scored on a scale of zero to five for 
amount of growth, with zero being no growth and five being maximum growth 
(Appendix A, Figures 1Aa, 1Ab, 1Ac, 1Ad, 1Ae, 1Af, 1Ag, 1Ah). Respiratory 
deficient strains unable to normally grow on YP glycerol, YP lactate, and YP 
ethanol (pet mutants) were selected for further manipulation.  
To create the plates for which the deletion set was transferred onto for 
selection of mitochondrial respiratory function, 10 grams of yeast extract, 20   
grams of peptone, and 20 grams of bacto-agar and 1000 ml of ddH2O were all 
combined. After autoclaving, 60 ml glycerol, 25 ml lactate and 20 ml ethanol 
were respectively added into the individual flasks. Alternatively, the 
ingredients used to create SD Minimal Media, 10 grams of agar, 10 grams of 
dextrose, 0.85 grams of yeast nitrogenous base w/o amino acids, 2.5 grams of 
ammonium sulfate and 465 ml of ddH2O were combined.  After autoclaving, 
5 ml of 1% histidine, 5 ml of 1% leucine, 5 ml of 1% uracil, 5 ml of 1% 
lysine, 5 ml of 1% methionine, 5 ml of 1% adenine, and 5 ml of 1% 
tryptophan were added. 
 
2.3. Validation of alternative results 
 Seven gene strains were selected from the gene deletion library that 
had produced questionable growth rates on the non-fermentable carbon 
sources (YPG, YPL, YPE) than was expected. The expected results were 
based off of the list of petite mutants compiled from Luban et al, 2005. The 
genes that were selected are as follows: ATP1, COR1, ATP11, CYT1, 
MRPL23, DSL1, and ABF2. DNA was collected from the seven genes and 
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sequenced to validate that the genes were in fact the genes that we thought 
them to be.  The following methods were used in an effort to collect and 
sequence the DNA from the seven genes: 
 
2.3a. Yeast Genomic DNA Preparation (Smash and Grab) 
To perform a smash and grab, the desired yeast cells were grown 
overnight in 10 ml of liquid YPD in a test tube and placed in the 30°C on the 
rotator. The next morning the test tubes were centrifuged in order to pellet the 
cells. YPD was decanted off and the pellets were washed with 1 ml ddH20. 
The pelleted cells were then re-suspend in 200 µl Smash and Grab Buffer (1% 
SDS, 2% Triton X-100, 100 mM NaCl, 10 mM Tris-HCl, 1 mM EDTA, 
pH 8.0). After re-suspension, 200 µl phenol pH 8.0 was added. Next 0.3g of 
acid washed glass beads were added in order to break the membranes and 
release the contents of the cell into the solution. The test tubes were next 
placed in the vortex located in the cold room at 4ºC for 2 minutes. Afterwards, 
the samples were brought back into the lab and 200 µl TE was added to the 
solution. The test tubes were again centrifuged at 14,000 x g at room 
temperature for 5 minutes. After centrifugation, the supernatant was 
transferred into a fresh test tube. Next, 200 µl of phenol and 200 µl of 
chloroform were added. After this addition, the test tubes were again briefly 
placed in the vortex. Afterwards the test tubes were again centrifuged at room 
temperature at 14,00 x g for another 5 minutes. Subsequently, the supernatant 
was transferred to another fresh tube. Then 40 µl 3 M NaAc was added in 
addition to 1 ml ethanol. The solution was then mixed thoroughly. After the 
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thorough mixing of the contents the test tubes were placed at -20º C for 20 
minutes. The DNA was then precipitated out via room temperature 
centrifugation at 14,000 x g for 10 minutes. The DNA pellets were then 
washed with 80% ethanol. After washing, the pellets were dried using the 
speed vacuum. Finally, the concentrated DNA was re-suspended in 100 µl TE. 
Lastly, 1 µl Rnase A was added and the DNA was incubated at 37ºC for 5 
minutes. The DNA was stored at -20º C for future use. 
 
2.3b. Polymerase Chain Reaction  
Two-master mixes were created for the preparation of the samples to 
undergo PCR. In Master Mix #1, 7 µl ddH2O, 1.0 µl U1 Primer, 1.0 µl Kan B 
Primer, and 1.0 µl zymolyase (This solution is generated by re-suspending 6 
mg of 100T zymolyase in 10 ml of water) were all combined in a test tube. 
The number of samples that were tested was multiplied by the amounts of 
reactants listed above. Next 11.0 µl of Master Mix #1 was added to the 
reaction tube. Master Mix # 2 was created by combining 8.5 µl ddH2O, 2.5 µl 
buffer, 2.5 µl dNTP, 0.5 µl TAQ and 2 µl MgSO4. The number of samples 
that were tested was multiplied by the amounts of reactants listed above. Next 
14 µl of Master Mix #2 was added to each reaction tube to be combined with 
Master Mix #1. Once all the reactants were combined with the DNA of each 
gene that was retrieved from the Smash and Grab procedure, the PCR test 
tubes were place into the PCR Machine on the designated program. Program 
Rachel 1 took approximately three and a half hours for the amplification 
process to be completed.  
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Program Rachel 1 – On Eppendorf Mastercycle Gradient PCR Machine 
Step # Temperature Duration 
1 95° C 7 minutes 
2 95° C 1 minute 
3 51° C 1 minute 
4 72° C 45 seconds 
5 GOTO Rep 34 
6 72° C 5 minutes 
HOLD at 4° C 
END 
 
PCR was used to amplify and create enough of the DNA from the seven 
selected genes to be sequenced (Appendix C, Figure 2). The PCR process 
involves three basic steps, each of which takes place at different temperatures: 
1. Heating the original DNA strand in order to denature (94ºC) the DNA; 
this produces two complimentary single strands of DNA. 
2. Annealing (54ºC) primers to the single stranded DNA; specific single 
stranded primers are used, which attach to the complimentary portion 
of single stranded DNA. 
3. DNA polymerase attaches to the primer/DNA complex and moves 
down the DNA chain reading the template strand and adding the 
appropriate complimentary dNTP base; this extension (72ºC) produces 
a new double stranded DNA molecule from each strand of the original 
DNA, causing an exponential increase in the number of copies of a 
particular gene 
 
2.3c. Gel Electrophoresis 
Gel electrophoresis was used to separate the DNA macromolecules 
based on size and electric charge. The seven DNA samples were loaded onto 
3% agarose gels. The gels are immersed in TAE buffer during the 
electrophoresis procedure. For size determination, samples were run against a 
5 µl of DNA marker. For electric charge determination, the samples were run 
at 100 volts from the anion to cation. To create the agarose gel, 30 ml 1x TAE 
buffer (40 mM Tris; 20 mM acetic acid; 1 mM EDTA) and 0.3 grams of 
 11 
agarose were combined. The gel was placed in the electrophoresis apparatus 
that was filled with TAE buffer.  5 µl ofDNA marker was added to 1 µl 6 x 
Load dye to create the control. Next, 6 µl of 6 x Load dye was added to each 
reaction tube of DNA. Lastly, add 20 µl of each DNA sample to the individual 
wells in the gel via a pipette. After separation was completed, the gel was 
removed from the electrophoresis apparatus and placed in TAE buffer from 
the apparatus tank and 200 µl of liquid ethidium bromide. After staining, it 
was then placed on UV light in order to observe the barcodes of the DNA 
sample. A picture was taken of the gel, further revealing the presence of the 
DNA barcodes (See below). A DNA barcode is a short genetic marker placed 
into the marker of the deleted gene.
12
 The barcodes were cut out and placed in 
collection tubes for future purification. The process often had to be repeated, 
for a significant amount of times the barcode did not separate properly. In this 
specific case,  YMN012W located in well #5, failed to display its barcode.  
Column # on Gel Systematic Name Standard Name 
1 DNA Ladder 
2 YBL099W ATP1 
3 YBL045C COR1 
4 YJL166W QCR8 
5 YMN012W  
Well #    
      1        2   3        4       5         
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Gel under UV Light taken in dark room by Polaroid camera 
Only three barcodes came out; Well # 5, which harbored YMN012W had to 
be run again to obtain barcode.  
 
 
 
 
 
Well# 
     1     2     3     4    5     
 
 
 
 
Fluor S Picture taken of DNA 
after the DNA was purified by the 
Eppendorf Gel Cleanup Kit 
 
 
 
 
 
 
2.3d. Eppendorf-Perfect Prep Gel Cleanup 
The following Eppendorf protocol was followed in order to purify the 
DNA from the gel so it was in its proper form and concentration for DNA 
sequencing. First, the desired ethidium bromide stained DNA fragment was 
excised from the TBE agarose gel.  The gel slice was then weighed in a 
microcentrifuge tube. It is important to make sure that the scale is first tared 
with an empty tube. A maximum of 400 mg can be weighed out in a 2 ml 
tube.  Three volumes of Binding Buffer were then added for every one volume 
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of the slice. As a general rule 1 mg = 1 µl volume. The sample was then 
incubated at 50°C for 10 minutes. After 5 minutes had passed, the tubes were 
vortexed.  After the contents had been vortexed, they were placed back in the 
incubator for another 5 minutes. It is important to make sure that each gel 
slice was completely dissolved before continuing on with the procedure.  
After the gel slice was completely dissolved, one volume of isopropanol equal 
to the original gel slice volume was added. The solution was mixed by 
inversion or by pipetting up and down.  Then a spin column was placed in a 2 
ml collection tube. Up to 800 µl of the sample was added to the spin column. 
The spin column and collection tube assembly were centrifuged at 10,000 x g 
for one minute. The filtrate was discarded and the spin column was replaced 
in the same collection tube. If the sample was larger than 800 µl, it was 
reloaded and spun again.  Next, 750 µl of diluted wash buffer was added to 
the spin column. The spin column/collection tube assembly was centrifuged 
for one minute at 10,000 x g. The filtrate was discarded and the spin column 
was replaced in the same collection tube. The spin column/collection tube 
assembly was then centrifuged for an additional minute at 10,000 x g to 
remove any residual diluted wash buffer. The spin column was then placed in 
a 2 ml collection tube and 30 µl of elution buffer was added to the center of 
the spin column.  Again the collections tubes were centrifuged for one minute 
at 10,000 x g. The spin column was discarded and the collection tube was 
capped. The purified DNA is now ready for use.  
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2.3e. DNA Sequencing 
DNA sequencing utilizes template DNA, free nucleotides (dNTPs), 
primers, and a polymerase to undergo denaturation, annealing, and replication. 
In DNA sequencing, the reactions are run in the presence of a small amount of 
dideoxynucleotides (ddNTPs), which lack a hydroxyl group at the 3’ position 
as well without dNTPs. Therefore the addition of one of the ddNTPs to the 
growing chain will terminate chain elongation since no further nucleotides can 
be added to the 3’ hydroxyl group. 
The DNA sequencing facility at SUNY Upstate Medical University 
performed all automated DNA sequencings. After sequencing was complete, 
we were sent a file containing the DNA sequence of the specific gene. The 
sequence was then placed into DNA Strider. In this program the sequence we 
received from the Upstate DNA sequencing facility was compared to the 
proven barcode sequence for the specific gene.  An example of the sequence 
that was received for the gene YJL166W, QCR8 from the DNA sequencing 
facility is as follows: 
CGTGCGGCCATCAAAATGTATGNATGCAAATGATTAACCATG
GGGATGTATGGGCTAAATGTACGGGCGACAGTCACATCATGC
CCCTGAGCTGCGCACGTCAAGACTGTCAAGGAGGGTATTCTG
GGCCTCCATGTCGCTGGCCGGGTGACCCGGCGGGGACGAGGC
AAGCTAAACAGATCTGGCGCGCCTTAATTAACCCGGGGATCC
GTCGACCTGCAGCGTACGGCTCTTCGGAGATGTGTCAAAGAG
ACCTCGTGGACATCAA 
DNA barcode sequence of ORF YJL166W, Gene QCR8, created from PCR and 
sequenced at SUNY Upstate Medical DNA Sequencing facility using the Kan B and U1 
primers.  
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2.4. Measuring the resistance of the deletion set to petite formation    
 The mitochondrial deletion set was transferred onto both YPD and 
YPD + ethidium bromide using the automated colony arranger robot with the 
1mm pins head. The plates were incubated at 30°C for 3 days. The plating 
onto ethidium bromide was to test for the rate of loss of mitochondrial 
function. Two passes were conducted for validity. The second pass was scored 
based on the zero to five scale of petite formation. Scoring was based upon the 
rate that the colonies went petite compared to colony size, as in experiment 
one.   The library was manipulated so that all the colonies were petite and thus 
were all either rho° or rho negative mutants. To create the media required for 
such an experiment, 5 grams of yeast extract, 10 grams of peptone, 10 grams 
of dextrose, 10 grams of bacto-agar and 25 mg of ethidium bromide were all 
combined and then autoclaved to produce YPD + EtBr plates. 
 
2.5. Karyogamy Defect Mating 
Cytoduction is the process by which two cells are fused without the 
fusing of their respective nuclei. Mating can occur that allows for the 
exchange of cytoplasmic elements, such as mitochondria or vacuoles, without 
the exchange of nuclear DNA. In our experiment we have used the Kar 9 gene 
to mate it against the rho° library in order to eventually produce the α 
Mitochondrial Library, ADE2, ∆ura3 cells with Rho-intron mitochondria via 
karyogamy defect mating.  The rho° library cells were mated on YPD plates 
for 2 days at 30°C to strain JC25 (MATα, kar1-1, ade2-1, his4•15, Mit-I) 
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carrying a rho positive mt genome lacking group II introns. The rho° library 
cells were also mated on YPD plates for 2 days at 30°C to strain JC25-wt 
(MATα, kar1-1, rho°, ade2-1, his4•15) carrying a rho positive mt genome 
with group II introns present. After the matings were complete, the cells were 
passed onto SCG-adenine (3X). Cytoductants were negatively selected for by 
plating them on SCG medium without adenine. The negative selection was 
against the nucleus of SGAY9, a mating type, I++, Ura3 and against the 
mitochondria of α mating type, kar1-1, rho°, ade2-1. Following the negative 
selection, a counter-selection occurred by passing the plates onto SG5FOA 
media. The 5FOA and glycerol selected for the a mating type, Mito Library, 
ADE2, •ura3 cells with rho-intron mitochondria. The α, Κar1-1, URA3, rho°, 
rho-intron has a nucleus that makes uracil, hence it is killed off by the 5FOA 
in the counter-selection. The flow chart below diagrams out the process used 
for our karyogamy defect mating procedures.     
 
 
 
 
 
 
      X 
 
 
 
 
 
a kar1-1 
ade2 
URA3 
α 
Mito Lib. 
ADE2 
∆ura3 
Want Nuclei; 
Needs adenine; but 
grows on glycerol 
Want Mitochondria; Cannot 
Grow on glycerol 
Rho° Rho-i 
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3. RESULTS  
3.1. Testing of deletion set on non-fermentable carbon sources to ensure 
fidelity 
The systematic screening of the SGA Deletion Set onto YP 4% 
ethanol, YP 3% lactate, YP 3 % glycerol, YPD and SD Minimal Media was to 
measure the various genes respiratory efficiency. The YPD and the SD 
Minimal functioned as the controls for the experiment. YP 4% ethanol, YP 
α 
Kar1-1 
URA3 
Mito 
Library  
a ∆ura3 
 
  
α 
Kar1-1 
URA3 
Mito 
Library 
a ∆ura3 
Select for 
cytoductants by 
plating on glycerol 
medium without 
adenine 
5FOA + glycerol selects for α 
Mito Lib. ADE2 ∆ura3 cells 
with Rho-i mitochondria 
 
Nucleus makes uracil  
hence is killed by the 5FOA 
 
Rho° 
Rho° Rho° 
Rho-i 
Rho-i Rho-i 
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3% lactate, YP 3 % glycerol are non-fermentable carbon sources, which 
functioned as the variables. Failure to produce growth on the non-fermentable 
carbon sources proved that the specific gene was respiratory deficient. The 
mutants that did grow on the non-fermentable carbon sources, either exhibited 
normal mitochondrial function or they had abnormal mitochondrial function 
and thus displayed petite growth. Alternatively, if no growth was seen, then 
these mutants contained gene deletions that were needed for mitochondrial 
function. Arguably, the more quickly a mutant develops petites, the more 
important that gene is to mitochondrial respiratory function. Mitochondrial 
DNA stability thus contributes indirectly to respiratory function.  
The goal of the various non-fermentable carbon source screens was to 
measure the rate of petite formation. The growth of the individual mutants 
was scored based upon a zero to five scale, with zero indicating no growth and 
five indicating maximum growth (Appendix E). The mutants were divided 
into four categories: Controls: all of the mutants that we thought were going 
to be petite and were in fact petite, Variable 1: newly identified petite 
compared to the “list of pet mutants” from Luban et al, 2005. Variable 2: the 
false negatives, which are the genes that didn’t become petite and were 
supposed to, and Variable 3: the mutants that grew normally and did not go 
petite. Spreadsheets were compiled for each non-fermentable carbon source 
with the genes separated into the four categories. Variable 1: the new mutants 
that went petite were the most important variable to be analyzed. The chart 
below shows the number of newly identified petites tallied for each of the 
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various carbon sources. 
Carbon Source Number of Newly 
Identified Petites 
Ethanol 40 
Lactate 29 
Glycerol 18 
Ethanol & Lactate 9 
Ethanol & Glycerol 5 
Lactate & Glycerol 1 
Ethanol, Lactate & Glycerol 11 
 
The following chart displays the mutants that were newly identified as 
petite on two of the non-fermentable carbon sources.  
Ethanol & Lactate Ethanol & Glycerol Lactate & Glycerol 
Systematic 
Name 
(ORF) 
Standard 
Name 
(Gene) 
Systematic 
Name 
(ORF) 
Standard 
Name 
(Gene) 
Systematic 
Name 
(ORF) 
Standard 
Name 
(Gene) 
YBR185C MBA1 YBR044C TCM62 YKL167C MRP49 
YDL032W  YDR494W RSM28   
YDL033C  YHR189W PTH1   
YDR162C NBP2 YPL158C    
YHR037W PUT2 YPR173C VPS4   
YJL193W      
YKL106W AAT1     
YNL037C IDH1     
YPR001W CIT3     
 
 
The following three charts list the function of the specific mutants that 
were newly identified as petites. 
Ethanol & Lactate 
Systematic 
Name 
(ORF) 
Standard 
Name 
(Gene) 
Function 
YBR185C MBA1 Involved in assembly of mitochondrial respiratory 
complexes 
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YDL032W  Hypothetical ORF 
YDL033C SLM3 tRNA-specific 2-thiouridylase, responsible for 2-
thiolation of the wobble base of mitochondrial tRNAs; 
human ortholog is implicated in myoclonus epilepsy 
associated with ragged red fibers 
YDR162C NBP2 interacts with Nap1, which is involved in histone 
assembly 
YHR037W PUT2 Delta-1-pyrroline-5-carboxylate dehydrogenase 
YJL193W  Hypothetical ORF 
YKL106W AAT1 Mitochondrial aspartate aminotransferase, catalyzes 
the conversion of oxaloacetate to aspartate in aspartate 
and asparagine biosynthesis 
YNL037C IDH1 Subunit of mitochondrial NAD(+)-dependent 
isocitrate dehydrogenase, which catalyzes the 
oxidation of isocitrate to alpha-ketoglutarate in the 
TCA cycle 
YPR001W CIT3 Mitochondrial isoform of citrate synthase 
 
Ethanol & Glycerol 
Systematic 
Name 
(ORF) 
Standard 
Name 
(Gene) 
Function 
YBR044C TCM62 Mitochondrial protein; (putative) chaperone 
YDR494W RSM28 Mitochondrial ribosomal protein of the small subunit 
YHR189W PTH1 peptidyl-tRNA hydrolase; peptidyl-tRNA hydrolase 
dispensable for cell growth and for mitochondrial 
respiration 
YPL158C  Hypothetical ORF 
YPR173C VPS4 Defective in vacuolar protein sorting; homologous to 
mouse SKD1 and to human hVPS4; AAA-type 
ATPase 
 
 
 
Lactate & Glycerol 
Systematic 
Name 
(ORF) 
Standard 
Name 
(Gene) 
Function 
YKL167C MRP49 Mitochondrial ribosomal protein of the large subunit, not 
essential for mitochondrial translation 
 
The following chart displays the mutants that were newly identified 
petite on all three of the non-fermentable carbon sources. 
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Systematic 
Name  
Standard 
Name 
Plate 
# 
Function 
YDR074W TPS2 1 Phosphatase subunit of the trehalose-6-
phosphate synthase/phosphatase complex 
YGR096W TPC1 1 Tpc1p is a transporter that catalyzes the uptake 
of the essential cofactor thiamine pyrophosphate 
(ThPP) into mitochondria; it is located in the 
mitochondrial membrane and its expression 
appears to be regulated by carbon source 
YHR025W THR1 1 homoserine kinase 
YJR077C MIR1 1 Mitochondrial phosphate carrier, imports 
inorganic phosphate into mitochondria; 
functionally redundant with Pic2p but more 
abundant than Pic2 under normal conditions 
YLR270W DCS1 2 Non-essential hydrolase involved in mRNA 
decapping, may function in a feedback 
mechanism to regulate deadenylation, contains 
pyrophosphatase activity and a HIT (histidine 
triad) motif; interacts with neutral trehalase 
Nth1p 
YLR348C DIC1 2 Mitochondrial dicarboxylate carrier, integral 
membrane protein, catalyzes a dicarboxylate-
phosphate exchange across the inner 
mitochondrial membrane, transports cytoplasmic 
dicarboxylates into the mitochondrial matrix 
YMR023C MSS1 2 May play a part in mitochondrial translation; 
putative mitochondrial GTPas 
YNL280C ERG24 2 C-14 sterol reductase, acts in ergosterol 
biosynthesis; mutants accumulate the abnormal 
sterol ignosterol (ergosta-8,14 dienol), and are 
viable under anaerobic growth conditions but 
inviable on rich medium under aerobic 
conditions 
YNL328C MDJ2 2 Protein of the mitochondrial inner membrane 
with similarity to E. coli DnaJ and other DnaJ-
like proteins, function partially overlaps that of 
Mdj1p; Mitochindrial chaperonin 
YNR020C  2 Hypothetical ORF 
YPR001W CIT3 2 Mitochondrial isoform of citrate synthase 
 
As a result of some alternative results, compared to the “list of pet 
mutants” from Luban et al, 2005, we decided to select seven mutants for 
further analysis. The seven specific mutants were picked because they 
exemplified unexpected results.  
ORF Gene  Plate  Lactate Glycerol  Ethanol  Location  
YBL099W ATP1  1A10 0 0 0 Within the 
Mitochondria 
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YBL045C COR1 1 A8 0 0 0 Mitochondrial 
Membrane  
YN315C ATP11 2 J17 3 4 3 Mitochondria’s 
Matrix 
YOR065W CYT1 2L13 3 4 3 Mitochondrial 
IM 
YOR150W MRP23 2L17 3 4 3 Mitochondrial 
Ribosome 
YJL065C DLS1 1N15 3 4 3  
YMR072W ABF2 2 H3 3 5 4 Mitochondria’s 
Chromosome 
 
The seven mutants went under Smash and Grab, PCR, Gel Electrophoresis, 
Gel Clean-up and DNA sequencing procedures to validate or disprove our 
results. The fact that we were sequencing mutants from a knock-out library 
altered the normal sequencing process. A specific bar code was added to all 
the genes in the knockout library by EuroScarf, after all of the non-essential 
ORFs were removed. Additionally, a unique novel sequence was also added to 
each individual gene. Use of the primers KAN B and U1 allowed for the 
barcodes to be read correctly. After sequencing, it turned out that the mutant 
we had originally thought to be QCR8 was in fact the mutant DSL1. QCR8 
was supposed to be a petite mutant according to Luban et al, 2005. After our 
DNA sequencing, it was found that DSL1 was the gene located on Plate 1, 
Row N Column 15 and not QCR8.  A picking error was most likely the cause 
of the error. DSL1 was not a petite mutant nor was it supposed to be, hence 
our growth scoring was, in fact, correct and not a variation of the results from 
Luban et al, 2005. The mutants ATP1 and COR1 had been expected to be 
petites and express a 1 or 2 –growth-rate. ATP1 and COR1, however, 
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produced no growth. Alternatively, ATP11, CYT1, MRP23, and ABF2 were 
also expected to become petite, but displayed strong growth rates on all three 
non-fermentable carbon sources. After sequencing, however, all these mutants 
except QCR8 were correct in their placement on the various plates validating 
our alternative results from Luban et al, 2005. 
 
3.2. Resistance of the deletion set to petite formation  
This experiment was to determine the rate of resistance of the deletion 
set to petite formation. The deletion set was plated onto YPD + ethidium 
bromide plates. The data to be obtained from this experiment centered on the 
characterization of the mutants based on petite formation and how they affect 
mitochondrial stability, maintenance and function. Unlike in the first 
experiment, when we were looking to see which mutants would go petite, in 
the second experiment all the mutants were petite after plating them onto  
YPD + ethidum bromide (Appendix B: Figure 1a, 1b, Figure 2a and 2b). As a 
result, the method for scoring was altered. Scoring was still based on a 0 to 5 
scale, but zero indicated no growth and 5 indicated that the cell went petite 
extremely fast (Appendix F).  
The following eleven mutants did not produce any growth on YPD + 
ethidium bromide:  
Systematic 
Name 
(ORF) 
Standard 
Name 
(Gene) 
Growth 
Rate 
Function 
YBL099W ATP1 0 Alpha subunit of the F1 sector of 
mitochondrial F1F0 ATP synthase 
YBL100C  0 Dubious open reading frame 
YER053C PIC2 0 Mitochondrial phosphate carrier, imports 
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inorganic phosphate into mitochondria 
YGL167C PMR1 0 Required for the transport of Ca2+ and Mn2+ 
into the Golgi; involved in Ca2+ dependent 
processes such as protein sorting, processing, 
and degradation 
YHR100C  0 Hypothetical ORF 
YHR120W MSH1 0 mutS homolog involved in mitochondrial 
DNA repair 
YJL121C RPE1 0 D-ribulose-5-Phosphate 3-epimerase 
YJL209W CBP1 0 Protein required for COB mRNA stability or 
5' processing, required for translation of 
COB mRNAs 
YPR020W ATP20 0 Subunit g of the mitochondrial F1F0 ATP 
synthase, associated only with the dimeric 
form of ATP synthase 
YPR024W YME1 0 Mitochondrial inner membrane protease of 
the AAA family, responsible for degradation 
of unfolded or misfolded mitochondrial gene 
products; mutation causes an elevated rate of 
mitochondrial turnover 
YPR037C ERV2 0 Flavin-linked sulfhydryl oxidase localized to 
the ER lumen, involved in disulfide bond 
formation within the ER. 
 
The following chart lists the eight mutants that exhibited substantial 
growth despite being plated onto YPD + ethidium bromide. 
Systematic 
Name 
(ORF) 
Standard 
Name 
(Gene) 
Growth 
Rate 
Function 
YGR193C PDX1 5 Plays a structural role in pyruvate 
dehydrogenase complex; Protein X component 
of mitochondrial pyruvate dehydrogenase 
complex 
YJR033C RAV1 5 Regulator of (H+)-ATPase in vacuolar 
membrane 
JJR048W CYC1 5 Cytochrome c, isoform 1; electron carrier of the 
mitochondrial intermembrane space that 
transfers electrons from ubiquinone-
cytochrome c oxidoreductase to cytochrome c 
oxidase during cellular respiration 
YJR079W  5 Hypothetical ORF 
YJR102C VPS25 5 vacuolar protein sorting (putative) 
YJR120W  5 Putative protein of unknown function; mutation 
causes decreased expression of ATP2, which 
encodes the beta subunit of the F1 sector of 
mitochondrial F1F0 ATP synthase, and results 
in impaired respiration 
YLL001W DNM1 5 Dynamin-related GTPase required for 
mitochondrial fission and the maintenance of 
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mitochondrial morphology 
YOR358W HAP5 5 Subunit of the heme-activated, glucose-
repressed Hap2/3/4/5 CCAAT-binding 
complex, a transcriptional activator and global 
regulator of respiratory gene expression; 
required for assembly and DNA binding 
activity of the complex 
YPR191W QCR2 5 40 kDa ubiquinol cytochrome-c reductase core 
protein 2 
 
Alternatively, the following seven mutants listed in the chart below are 
the mutants that took a substantial time to go petite. 
Systematic 
Name 
(ORF) 
Standard 
Name 
(Gene) 
Growth 
Rate 
Function 
YBR003W COQ1 1 Hexaprenyl pyrophosphate synthetase, catalyzes 
the first step in ubiquinone (coenzyme Q) 
biosynthesis 
YDL066W IDP1 1 Mitochondrial NADP-specific isocitrate 
dehydrogenase, catalyzes the oxidation of isocitrate 
to alpha-ketoglutarate; not required for 
mitochondrial respiration and may function to 
divert alpha-ketoglutarate to biosynthetic processes 
YER083C RMD7 1 Required for Meiotic nuclear Division; functions in 
DNA replication and damage response; Protein 
involved in cell wall function 
YGL107C RMD9 1 Mitochondrial protein required for sporulation 
YJL096W MRPL49 1 Mitochondrial ribosomal protein of the large 
subunit Also known as: YmL49 
YKL080W VMA5 1 42 kDa subunit of V1 sector; vacuolar ATPase V1 
domain subunit C (42 kDa) 
YKL119C VPH2 1 Protein involved in vacuolar H+-ATPase assembly 
or function; required for the biogenesis of a 
functional vacuolar ATPase (V-ATPase), but not 
part of the final enzyme complex 
 
 
3.3. Mitochondrial DNA Loss 
Karyogamy defect matings were conducted to allow for the exchange 
of cytoplasmic elements, in our specific case the mitochondria, without 
allowing for the exchange of the nuclear DNA.  The results of the karyogamy 
defect matings have been compiled into one large spreadsheet comparing the 
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growth of the deletion set on YP Glycerol from the first experiment, in 
addition to JC25 wt x Rho° library, Runs One and Two (Appendix G), 
(Appendix D for pictures of the plates—Figure 1a, 1b (Run 1) and Figure 2a 
and 2b (Run 2)). 
The JC25 wt strain, which contained introns, was mated against the 
rho° library on YPD. After mating, the new plates were transferred (2X) onto 
YPG. The chart below displays the twenty-five mutants that did not produce 
any growth after the second pass of the matings onto YPG media.   
Systematic 
Name 
(ORF) 
Standard 
Name 
(Gene) 
Plate 
# 
Function/Process of Involvement 
YBL100C  1 No known molecular function 
YBR026C ETR1 1 Aerobic Respiration 
YDL066W IDP1 1 Mitochondrial nucleoid 
YDL174C DLD1 1 Aerobic Respiration 
YDR347W MRP1 1 Mitochondrial small ribosome subunit; protein 
biosynthesis 
YDR405W MRP20 1 Mitochondrial ribosomal protein of the large 
subunit 
YER053C PIC2 1 Phosphate transport 
YGL167C PMR1 1 Calcium ion transport 
YGR028W MSP1 1 Mitochondrial protein involved in sorting of 
proteins in the mitochondria 
YHR011W DIA4 1 Aerobic Respiration 
YHR120W MSH1 1 DNA-binding protein of the mitochondria 
involved in repair of mitochondrial DNA, has 
ATPase activity and binds to DNA mismatches 
YJL121C RPE1 1 Pentose phosphate shunt 
YJL209W CBP1 1 Aerobic Respiration 
YLR168C MSF1 2 Protein involved in intramitochondrial sorting 
YNL005C MRP7 2 Mitochondrial ribosomal protein of the large 
subunit 
YOR036W PEP12 2 Target membrane receptor (t-SNARE) for 
vesicular intermediates traveling between the 
Golgi apparatus and the vacuole 
YOR135C  2 Hypothetical protein 
YOR222W ODC2 2 Mitochondrial inner membrane transporter 
YPL1045W VSP16 2 Subunit of the homotypic vacuole fusion and 
vacuole protein sorting (HOPS) complex 
YPL104W MSD1 2 Mitochondrial aspartyl-tRNA synthetase 
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YPL188W POS5 2 Mitochondrial NADH kinase, equired for the 
response to oxidative stress 
YPR020W ATP20 2 Subunit g of the mitochondrial F1F0 ATP 
synthase, which is a large enzyme complex 
required for ATP synthesis 
YPR024W YME1 2 Subunit, with Mgr1p, of the mitochondrial inner 
membrane i-AAA protease complex, which is 
responsible for degradation of unfolded or 
misfolded mitochondrial gene products; mutation 
causes an elevated rate of mitochondrial turnover 
YPR037C ERV2 2 Protein-thiol disulfide exchange 
YPR191W QCR2 2 Aerobic Respiration, mitochondrial electron 
transport, ubiquinol to cytochrome-c 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. DISCUSSION 
4.1. Deletion Set on Non-Fermentable Carbon Sources 
 
To identify nuclear genes affecting mitochondrial stability, 
maintenance and function, a deletion mutant set of Saccharomyces cerevisiae 
was compiled from the complete deletion mutant library from the EuroScarf 
knockout library strain BY4741 consisting of 4878 viable haploid clones. The 
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mutant deletion set was systematically screened for genes that were 
respiratory deficient. Saccharomyces cerevisiae cells require fermentable 
carbon sources to maintain fidelity if they lack a functioning respiratory chain. 
If the mutant did not grow on the non-fermentable carbon sources it proved 
that it was a respiratory deficient strains. The media was thus unable to 
compensate for the loss of the ability of the gene to synthesize certain 
substances required for its growth and metabolism. In the first round of 
screening, all the respiratory deficient pet mutants of the deletion set that 
failed to grow on the three non-fermentable carbon sources were isolated. The 
measure of petite formation was the central goal for experiment one. The 
mutants on this screen either grew normally, formed petites or simply did not 
grow. The cells that grew normally possessed normal mitochondrial function. 
Of the approximate 700 mutants in the deletion set, 249 mutants grew 
normally on lactate, 399 grew normally on glycerol and 351 grew normally on 
ethanol. The cells that did not survive the screen onto the non-fermentable 
carbon sources were mutants with gene deletions needed for mitochondrial 
function. They were unable to exhibit petite growth because they did not 
maintain their genome and thus unable to produce any growth. There were 
202 mutants of the approximate 700 mutants in the deletion set that did not 
grow at all on lactate, 197 did not grow on glycerol and 197 also did not grow 
on ethanol. Alternatively, the cells that did exhibit petite growth indicated that 
they were mutants in genes associated with mitochondrial function. However, 
the petites were able to maintain their genome enabling them to display 
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minimal growth on the agar plates. A petite is easily recognizable because it 
grows very slowly, is small, circular and exhibits a white color compared to 
the normal off-white, yellow of a normal functioning colony. In our 
experiment we dealt with cytoplasmic petites in which the mutation was a 
deletion in mitochondrial DNA. There were 54 mutants that exhibited petite 
growth on lactate, 33 mutants on glycerol and 63 mutants on ethanol. 
Mutations such as these have created mitochondria that are missing several 
vital enzymes, rendering them unable to generate ATP. The generation of 
ATP is the central task of mitochondria, hence explaining the reason for the 
slow growth of petite cells. 
A significant number of newly identified petites arose in our screens 
compared to the screens conducted by Luban et al, 2005. In fact, 40 newly 
identified petites arose on ethanol, 29 on lactate and 18 on glycerol. More 
interestingly, 9 newly identified petites were found on both ethanol and 
lactate, 5 on ethanol and glycerol and only one newly identified petite was 
found on both lactate and glycerol. There were 11 mutants that newly 
exhibited petite growth rates on all three of the non-fermentable carbon source 
medias. The fact that new petites arose on two of the non-fermentable carbon 
sources shows that the reasons for the genes to go petite is the result of how 
the specific carbon sources are metabolized and how the genes interact with 
such metabolism. Alternatively, the 11 mutants that newly exhibited petite 
growth on all three of the carbon sources are less significant data. These data 
shows that something within the cell, whether it be DNA stability, the electron 
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transport chain, or respiratory functioning has been altered, causing for the 
gene to go petite regardless of the carbon source it is plated on. 
By placing the cells on the non-fermentable carbon sources of YP 4% 
ethanol, YP 3% lactate, YP 3 % glycerol, it was expected that some of these 
genes would not produce growth. The fact that the mutants did not grow, 
however, does not really tell us what has happened, but rather that only 
something has happened to the mitochondria to affect the growth of the cell. A 
multitude of reasons or a combination of causes could lend the explanation for 
the lack of growth of the specific mutants. At this time we are still unsure of 
the exact reasoning behind the lack of growth. A few explanations are 
hypothesized to be a mutated respiration chain, altered mitochondrial DNA 
maintenance, or altered mitochondrial DNA replication.  
 
4.2 The deletion set’s resistance to pet formation on ethidium bromide 
The second experiment conducted using the deletion set depended on the 
use of the chemical ethidium bromide. The ethidum bromide causes 
mitochondrial DNA to be mutated so that no mitochondrial DNA will 
function. This meant that all of the cells on the deletion set became petite. The 
data that was obtained from this experiment centered on the characterization 
of the genes based on petite formation and how they affect mitochondrial 
stability, formation and maintenance. The more quickly that a mutant 
developed into a petite the more important that gene is to mitochondrial 
respiratory function.  Mitochondrial DNA is indirectly related to respiratory 
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function. This helps to explain the connection between the rate of petite 
formation and how it affects mitochondrial stability, maintenance and 
function. It was concluded that the longer it takes for the gene to become 
petite the less imperative it is to mitochondrial stability. Despite the fact that 
the deletion set was screened on YPD + ethidium bromide, 9 mutants failed to 
exhibit petite growth. PDX1, RAV1, CYC1, YJR079W, VPS25, YJR120W, 
DNM1, HAP5, and QCR2 were mutants that were less prone to going petite 
and despite screening on EtBr exhibited substantial growth. This could be the 
result of components of the mutants that were able to act as a suppressor to the 
EtBr and thus were able to inhibit petite formation. Alternatively, COQ1, 
IDP1, RMD7, RMD9, MRPL49, VMA5 and VPH2 were mutants that took a 
very long time to become petite. This also could be a result of suppressors 
causing growth to be extremely slow or it could be indicating a lack of 
importance for these genes in mitochondrial respiratory function. 
 From this particular experiment we were trying to gain insight into the 
rate of petite formation. We hoped that such research would lead us to 
conclusions concerning what a gene needs to no longer become petite or how 
to make a gene become petite faster or more slowly. 
4.3. Mitochondrial DNA Loss 
In experiment #3 the Kar 9 gene was used. The rho° library and strain 
JC25 (MATα, kar1-1, ade2-1, his4•15, Mit-I) carrying a rho positive mt 
genome lacking group II introns was mated onto YPD. The rho° library and 
the strain JC25-wt (MATα, kar1-1, rho°, ade2-1, his4•15) carrying a rho 
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positive mt genome with group II introns present were also mated onto YPD. 
Cytoductants were negatively selected for by plating on SCG medium without 
adenine. The negative selection was against the nucleus of SGAY9,a mating 
type,  I++, Ura3 and against the mitochondria of  α mating type, kar1-1, 
rho°, ade2-1. Following the negative selection, a counter-selection occurred 
by passing the plates onto SG5FOA media. The 5FOA and glycerol selected 
for the a mating type, Mito Library, ADE2, ∆ura3 cells with rho-intron 
mitochondria. The α, Κar1-1, URA3, rho°, rho-intron has a nucleus that 
makes uracil, hence it is killed off by the 5FOA in the counter-selection.  
The term Rho in general is concerned with Mitochondria DNA. Rho + 
(positive) indicates normal mitochondrial DNA. Rho – (minus) indicates 
abnormal mitochondrial DNA. This means that the origin sites are repeated 
over and over within the nuclear gene and does not contain any mitochondrial 
genes. Lastly, Rho° indicates no mitochondrial DNA. Mitochondrial DNA has 
introns, which are classified as non-coding regions. In addition, mtDNA also 
has exons, which are coding regions. It makes logical sense for DNA splicing 
to be related to genes going petite. The central function of experiment three 
was to observe comparison of the intronless strain JC25-Mit-I and the intron 
strain JC25-wt on varying media. We were trying to see how the presence of 
the non-coding regions affected the mitochondria stability and maintenance of 
the various genes. 
Mutants of the following 25 genes did not grow when the JC25-wt 
(intron strain) was mated against the rho° library: YBL100C, ETR1, IDP1, 
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DLD1, MRP1, MRP20, PIC2, PMR1, MSP1, DIA4, MSH1, RPE1, CBP1, 
MSF1, MRP7, PEP12, YOR135W, ODC2, VPS16, MSD1, POS5, ATP20, 
YME1, ERV2, and QCR2. This indicates that these genes were identified to be 
important for splicing in mitochondria. Introns can be either directly or 
indirectly related to petite formation and growth. Such evidence suggests that 
the presence of these introns could possibly be an adaptive advantage. It 
would, therefore, make sense that DNA splicing would be related to genes 
going petite. Splicing variances are thus able to create the ability for different 
proteins to be formed from the same gene.  
The research preformed in these three experiments has helped to lay 
the framework for future research in the genomic analysis of yeast deletion 
mutants associated with mitochondrial genome stability. Mitochondrial 
genetic disorders associated with humans have been increasingly calling for 
widespread concern. Saccharomyces cerevisiae has luckily been able to 
provide insight into such degenerative diseases. Due to the immense genetic 
tractability between yeast and human cells, many of the techniques and 
findings discovered in yeast, in our studies as well as many others, can be 
applied to human cells and thus to human mitochondrial genetic disorders. 
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Appendix A 
Figure 1Aa.     
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a) SD Minimal Plate 1 (Control-Fermentable Carbon Source) 
 
 
 
 
 
 
 
 
 
 
Figure 1Ab. 
b) SD Minimal Plate 2 (Control- Fermentable Carbon Source) 
 
 
Figure 1Ac.  
c) YP 3% Glycerol Plate 1 – Non-Fermentable Carbon Source 
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Figure 1Ad. 
d) YP 3% Glycerol Plate 2 –Non-Fermentable Carbon Source 
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Figure 1Ae. 
e) YP 4% Ethanol Plate 1 –Non-Fermentable Carbon Source 
 
 
Figure 1Af. 
f) YP 4% Ethanol Plate 2 –Non-Fermentable Carbon Source 
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Figure 1Ag. 
g) YP 3 % Lactate Plate 1 –Non-Fermentable Carbon Source 
 
 
Figure 1Ah. 
h) YP 3% Lactate Plate 2—Non-Fermentable Carbon Source 
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Appendix B 
Figure 1 
a) SGA Deletion Set on YPD Control – Plate 1  
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b) SGA Deletion Set on YPD + ethidium bromide Plate 1 
All cells are petite 
 
 
 
 
 
Figure 2 
a) SGA Deletion Set on YPD Control – Plate 2 
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b) SGA Deletion Set on YPD + ethidium bromide – Plate 2 
All cells are petite 
 
 
 
 
 
 
 
Appendix C 
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Figure 1 – Yeast Life Cycle 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 – Polymerase Chain Reaction 
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Appendix D 
Figure 1 
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a) JC25 x Rho Zero on YPG Plate 1 – Run 1 
 
 
 
b) JC25 x Rho Zero on YPG Plate 2 – Run 1 
 
 
Figure 2 
a) JC25 x Rho Zero on YPG Plate 1 – Run 2 (Note Contamination) 
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b) JC25 x Rho Zero on YPG Plate 2 – Run 2 
 
 
 
